In order to monitor vegetation growth and development over the districts and land covers of Tamil Nadu, India during the crop growing season viz., Khairf and Rabi of 2017, Moderate Resolution Imaging Spectroradiometer (MODIS) derived surface reflectance product (MOD09A1) which is available at 500 m resolution and 8-day temporal period was used to derive a time series based Normalized Difference Vegetation Index (NDVI) and Normalized Difference Water Index (NDWI) for monitoring and mapping terrestrial vegetation trend analysis which showed areas in Tamil Nadu having vegetation greening and vegetation browning. The regression slope values derived from the trend analysis was utilized and the NDVI and NDWI seasonal trend showed majority of area in Tamil Nadu falling under positive trend during the Kharif season (86.52 per cent for NDVI and 90.29 per cent for NDWI). While irrespective of land cover classes, NDVI and NDWI during Kharif season showed a greater positive trend (greening) with least negative trend (browning) for vegetation growth over the land covers whereas during Rabi season it was observed to have a mix of positive trend and negative trend over the land covers. This study was carried out to show that a systematic study can be done for understanding changes over the landscape through the use of high spatial resolution satellite dataset such as MODIS, which provides detailed spatial and temporal description at regional scale. While a trend analysis using regression slope values can be considered for demonstrating the spatial and temporal consistency on land and vegetation dynamics.
INTRODUCTION
Vegetation is part of terrestrial ecosystem which consists of all plants that varies from evergreen forests to grassy meadows and croplands. While vegetation covers a considerable part of earth surface it plays a major role in influencing water cycle, earth energy absorption and global climate changes (Piao and Fang 2003; Fu et al., 2014) . Since vegetation cover is spread over majority of land area, the use of multiple remotely sensed datasets has been largely incorporated for large scale changes and trend detection in vegetation dynamics (Zhao et al., 2012; Zhang et al., 2006) . Remote sensing techniques with its ability to provide unique insight into the vegetation dynamic (Guo et al., 2017) by using diverse spectral indices has been used for vegetation status characterization. With vegetation dynamics having multiple growth cycle and unique spectral feature, use of vegetation indices which are strongly related to the biophysical parameters of plants (Dubovyk et al., 2012) has consistently provided choices regarding vegetation estimates for monitoring and mapping of gradual changes that occurs over time and space. Incorporating the vegetation information derived information from satellite-sensor imagery which are characterized and interpreted depending upon the canopy spectral characteristics, various vegetation indices have been developed based on visible and near-infrared (NIR) channels for terrestrial ecosystem behavioral changes. Out of which NDVI that is based on the ratio of spectral reflectance between red and near-infrared channels is the most popular and widely used vegetation index for assessing the vegetation health and density (Tucker, 1979) . However, with NDVI showing tendency to get saturated over an area having leaf area index of 3 or greater, NDWI was proposed as a complimentary index which is based on the ratio of spectral reflectance between near-infrared and short-wave infrared channels (Gao 1996 ) that identified crop-water status within the vegetation. Introduction of new satellites and sensors during the late 1990's such as Satellite Pour I 'Observation de la Terra Vegetation (SPOT VGT), Terra/Aqua Moderate Resolution Imaging Spectroradiometer (MODIS), Envisat Medium Resolution Imaging Spectrometer (MERIS) has been providing continuous time series products at various spatial and temporal resolutions for global change study (Schucknecht et al., 2013; Mao et al., 2012; Fensholt et al., 2009) . However, in a large-scale vegetation studies MODIS lower spatial resolution and temporal period has been used which proves to be practically and also economically available for near-time use. MODIS surface reflectance product that are obtained at either 250 m with 2 bands or at 500 m with 7 bands provides n-days composite images is a successor of AVHRR with its onboard sensors Aqua and Terra providing daily data of the earth surface which can be used in understanding the global dynamics occurring over land and ocean covered areas (Gumma et al., 2011 : Thenkabail et al., 2004 . In this study, seasonal NDVI and NDWI imagery which are often used for revealing vegetation changes that occurs due to abrupt changes in vegetation as a result of disturbance such as flood, urbanization, drought or insect attack was utilized for detection of vegetation greening and browning trend based on linear regression analysis.
MATERIALS AND METHODS

Study area:
Tamil Nadu which is situated in the South-Eastern part of Indian Peninsular region that lies between 8.5° N and 13.35° N latitude and 78.35° E and 80.20° E longitude (Fig.1) is the 11 th largest state of India in terms of area and has total area coverage of 13 Mha along with wide range of biomes (Table 1) and coastline covering 1076 km (Ramesh et al., 2008) . The physiography can be divided into four zones viz., Eastern Ghats, Western Ghats, Coastal Plains and the Central Plateau. The north-western, western and southern parts are hilly and rich in vegetation, with Western Ghats effectively blocking much of rain bearing clouds of South West Monsoon from entering the state. The eastern parts are fertile coastal plains and northern parts are a mix of hills and plains. The central and the south-central regions are arid plains and receive less rainfall than other regions. MODIS data product: MODIS onboard terra sensor surface spectral reflectance product (MOD09A1) was downloaded from the NASA developed earth data website (http:// search.earthdata.nasa.gov). The terra-based sensor that provides multispectral, temporal and angular data between medium to coarse resolution, land cover characterization was captured as h25v7 and h25v8 gridded tiles for entire Tamil Nadu at 500 meter spatial resolution and at 8-day temporal resolution. The pre-processing of the two gridded tiles was done using MODIS Reprojection Tool (MRT), where the two tiles (h25v7 and h25v8) is mosaicked, reprojected from sinusoidal projection to Transverse Mercator projection and subsetted for the extent of Tamil Nadu. Vegetation indices extraction: Plants absorb solar radiation in photosynthetically active radiation (PAR) spectral region (Gandhi et al., 2015) as a result vegetation indices are calculated based on the response of plant in red, infrared region or short wave infrared region of the electromagnetic spectrum. Using rater calculator under GIS environment, NDVI and NDWI was extracted using equation 1 and equation 2 respectively. …...Eq (1) …...Eq (2) In this study, NDVI and NDWI images for the cropping seasons of 2017 was generated by considering the surface reflectance and while the extraction of vegetation index values using raster calculator were represented in a value scale. Theoretically, values are represented as a ratio ranging in values from -1 to 1 but in practice the higher index values were associated with greater biomass, while the index value for bare soil, non-vegetated areas and water bodies falls close to near 0 . Pixel based trend analysis: A linear regression model was fit to the time series images of NDVI and NDWI separately both for Kharif and Rabi seasons. The temporal trends with time series data sets were determined using linear regression model, with time as independent variable and NDVI / NDWI as dependent variable. The Linear Regression model was fit between every pixel of time series data. An output image was generated which indicates the slope of the regression line. Positive slope (values more than 0) indicates in-creasing trend and negative slope (values less than 0) indicates decreasing trend. A pixel value nearer to zero indicates no specific trend in those pixels. A linear regression model adapts the following equation: Y = m X + c …..Eq. 3 Where Y is the dependent variable, viz., time series data of NDVI, NDWI m is the slope of the regression line X is the time variable c is the y-intercept NDVI and NDWI based spectral variations can very well be utilized to explore the relationship difference between temporal spectral profiles and seasonal dynamic in order to assess the general environmental trends and phenological parameters (Cuomo et al., 2001 ). The trend analysis was carried out on the 8-day interval NDVI and NDWI images. To interpret the trend, result over the seasonal NDVI and NDWI raster a series of zonal histogram was carried out with respect to land cover and district boundaries as zones. An overall methodology followed in this study for monitoring and mapping of vegetation growth based on the vegetation indices has been depicted in Fig. 2 .
RESULTS
Regression slope values derived from a trend analysis could demonstrate spatial and temporal consistency on land and vegetation dynamics (Guo et (Fig. 3) and Rabi season (Fig. 4) shows greater percentage of pixels areas under positive trends (86.52 per cent) during Kharif season when compared to Rabi season (59.72 per cent) ( Table  2 ).The spatial distribution for the pixel-based seasonal NDWI trend during the Kharif season (Fig. 5) and Rabi season (Fig. 6) 
Fig. 5. Spatial map of vegetation trend based on NDWI during Kharif season of 2017 in
Tamil Nadu.
Fig. 6. Spatial map of vegetation trend based on NDWI during Rabi season of 2017 in Tamil Nadu.
However over the land cover of Tamil Nadu ( 
